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PREFACE 


The  potential  for  radappertization  of  meats  is  well  established,  and 
the  usefulness  of  this  preservation  of  fresh-like  quality  without  refrigera¬ 
tion  is  apparent.  The  few  remaining  challenges  to  the  widespread  adoption 
of  radappertization  include  an  understanding  of  the  role  of  highly  radiation- 
resistant  vegetative  bacteria  in  the  process.  Bacteria  of  this  type  were 
isolated  for  further  study  (Welch  and  Maxcy,  1975)  and  their  radiation 
resistance  was  determined  (Maxcy  et  al.,  1978).  The  results  in  this  report 
constitute  a  continuation  of  observations  on  the  nature  and  potential 
significance  of  the  highly  radiation-resistant  bacteria  in  the  overall 
process  of  radappertization  preservation  of  meats.  Environmental  factors 
must  be  considered  to  evaluate  radiation  injury,  destruction,  and  suppression 
of  growth  of  microorganisms.  Results  showing  the  effect  of  critical  environ¬ 
mental  factors  are  given  in  this  report. 
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INJURY  AND  DESTRUCTION  OF  MORAXELLA-AC I NETOBACTER 
IN  THE  RADAPPERTI ZATION  PROCESS 

INTRODUCTION 

Some  species  of  asporogenous  bacteria  of  the  Moraxel la-Aci netobacter  group, 

1  2 

commonly  termed  M-A,  are  highly  radiation  resistant.  ’  Their  resistance  to 
radiation  is  greater  than  the  resistance  of  spores.  These  bacteria,  on  the  other 
hand,  are  considerably  more  sensitive  than  spores  to  other  destructive  factors 

3  4 

such  as  chemicals  and  heat.  ’ 


There  are  factors  other  than  radiation  that  are  involved  in  destruction, 
injury,  and  suppression  of  growth  in  the  process  of  radappert i zation  described  by 
Anellis  et  al .  (1979) . ^  The  highly  radiation-resistant  M-A  are  susceptible  to 
injury  when  heated  at  72°C  for  5  to  10  min.  The  injury  is  apparently  independent 
of  the  death  process,  and  in  the  injured  state  they  may  be  intolerant  of  unfavor¬ 
able  environmental  factors  (those  factors  having  a  direct  effect  on  a  cell)  such 
as  the  presence  of  glucose^  and  sodium  chloride.^  A  high  proportion  of  injured 


Velch,  A.  B.,  and  R.  B.  Maxcy.  1975*  Characterization  of  radiation-resistant 
vegetative  bacteria  in  beef.  Appl.  Microbiol.  30:  242. 

2 

Maxcy,  R.  B. ,  D.  B.  Rowley,  and  A.  Anellis.  1978.  Radiation  and  heat  resistance 
of  Moraxel ia-Ac i netobacter  in  meats.  T.R.  78-010.  U.S.  Army,  Natick  Research 
and  Development  Command,  Natick,  Mass. 

3 

Gulistani,  A.  W.  1977*  The  ecology  and  resistance  of  Moraxel la-Acinetobacter. 
Ph.D.  Thesis,  University  of  Nebraska-Li ncol n. 

**Fi  rstenberg-Eden,  R.,  D.  B.  Rowley,  and  E.  Shattuck.  1980.  The  thermal 
i nactivation  and  injury  of  Moraxel la-Aci netobacter  cells  in  beef.  Appl.  Environ. 
Microbiol.  39:  1 59 * 
c 

Anellis,  A.,  D.  B.  Rowley,  and  E.  W.  Ross,  Jr.  1979-  Microbiological  safety  of 
radapperti zed  beef.  J.  Food  Prot.  42:  927. 

g 

Bruns,  M.  A.,  and  R.  B.  Maxcy,  1978.  Effect  of  selected  solutes  on  growth  and 
recovery  of  a  radiation-resistant  Moraxel la  sp.  J.  Food  Sci.  43:  1386. 

^Maxcy,  R.  B. ,  and  D.  B.  Rowley.  1978.  Radiation-resistant  vegetative  bacteria 
in  a  proposed  system  of  radappertization  of  meats,  pp.  347-359-  J_n  "Food 
Preservation  by  Irradiation."  Vol .  1.  International  Atomic  Energy  Agency,  Vienna. 
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cells  in  relation  to  the  total  population  is  obtained  when  a  culture  is  heated 
to  destroy  90-99%  of  the  total  population. 

The  magnitude  of  effectiveness  of  factors  other  than  radiation,  individually 
and  collectively,  in  controlling  microorganisms  in  the  radappert i zing  process  is 
not  known.  For  example,  the  highly  radiation-resistant  M-A  have  been  shown  to  be 
sensitive  to  solute  concentration  equivalent  to  the  water  activity  in  fresh  meat. 
Furthermore,  sodium  chloride  and  other  yet  unidentified  dialyzable  substances 

in  Tryptic  Soy  Agar  were  responsible  for  slow  growth  and  reduced  recovery  of  M-A 

9 

after  irradiation.  These  may  be  important  environmental  factors  in  preser¬ 

vation  of  meat  by  radappert i zat ion . 

This  project  was  to  determine  the  effect  of  factors  associated  with  radia¬ 
tion  injury,  destruction,  and  suppression  of  microorganisms  in  radappert i zat ion 
preservation  of  meats. 

MATERIALS  AND  EXPERIMENTAL  PROCEDURES 

Cu 1 tures 

Two  isolates  of  Moraxel la-Aci netobacter  (M-A  Isolate  4  and  M-A  Isolate  7)  ^ 
as  well  as  M i crococcus  rad iodurans  ATCC  13939  were  used.  These  cultures  were 
propagated  in  m-Plate  Count  Broth  (PCB;  Difco)  at  32°C  on  a  rotary  shaker  with 
storage  at  5°C.  Bacillus  cereus  was  obtained  from  Dr.  J.  H.  Martin  of  South 
Dakota  State  University,  and  the  spores  were  produced  by  the  method  of  Martin 
and  Harper  ( 1 9^3) . ' ' 

g 

Snyder,  L.  D.,  and  R.  B.  Maxcy.  1979-  Effect  of  aw  of  meat  products  on  growth 
of  radiation-resistant  Moraxel la-Aci netobacter .  J.  Food  Sci.  44:  33* 

9 

Bruns,  M.  A.,  and  R.  B.  Maxcy.  1978.  Effect  of  selected  solutes  on  growth  and 
recovery  of  a  radiation-resistant  Moraxel la  sp.  J.  Food  Sci.  43:  1386. 

'^Welch,  A.  B.,  and  R.  B.  Maxcy.  1975.  Characterization  of  radiation-resistant 
vegetative  bacteria  in  beef.  Appl.  Microbiol.  30:  242. 

'^Martin,  J.  H.,  and  W.  J.  Harper.  1963.  Germination  response  of  Baci 1 lus 
1 i cheni form i s  spores  to  amino  acids.  J.  Dairy  Sci.  46:  663. 
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The  general  procedures  for  culture  growth,  dilution,  plating,  and  counting 

1  2 

were  those  outlined  in  American  Public  Health  Association  ( 1 966 )  and  American 

13  / 

Public  Health  Association  (1976)  publications.  Some  alterations  in  these 
procedures  were  made  and  will  be  given  in  the  section  labeled  Results. 

Heat  treatments  for  cell  injury 

Cultures  of  5  ml  in  15  x  125  mm  test  tubes  were  heated  in  a  72°C  water  bath 

for  a  "come  up"  time  of  3*5  min  plus  5  min  for  M-A  Isolate  7  and  10  min  for  M-A 

Isolate  4.  Approximately  90%  of  the  colony  forming  units  was  destroyed  in  cultures 

that  had  grown  to  near  their  maximum  population  density  of  approximately  10  /ml. 

Evaluation  of  injury  of  cells  in  an  M-A  culture 

Total  counts  of  colony  forming  units  were  made  on  Plate  Count  Agar  (PCA; 

Difco).  Comparative  counts  were  made  on  PCA  with  0.5  or  0.8%  sodium  chloride 

added.  The  difference  between  counts  on  PCA  plus  sodium  chloride  was  considered 

attributable  to  injured  cells  incapable  of  initiating  growth  in  the  presence  of 

14  15 

the  added  salt.  ’ 


I  rradiation 

1 6 

A  Cobalt-60  source  similar  to  the  one  described  by  Teeny  and  Miyauchi  (1970) 
provided  a  dose  rate  of  approximately  5  krad/min.  Subfreezing  temperature  of  irra¬ 
diation  was  -30  ±  10°C.  Ambient  temperature  of  irradiation  was  approximately  30°C. 


1 2 

American  Public  Health  Association.  1 966 .  "Recommended  Methods  for  the  Micro¬ 
biological  Examination  of  Foods."  Ed.  Sharf,  J.  M.  2nd  ed.  American  Public 
Health  Association,  Inc.,  New  York,  N.Y. 

1 1 

^American  Public  Health  Association.  1976.  "Compendium  of  Methods  for  the 
Microbiological  Examination  of  Foods."  Ed.  Speck,  M.  L.  American  Public 
Health  Association,  Washington,  D.C. 

'Slaxcy,  R.  B.,  and  D.  B.  Rowley.  1978.  Radiation-resistant  vegetative  bacteria 
in  a  proposed  system  of  radapper t i za t ion  of  meats,  pp.  3^7-359*  J_n_  "Food  Preser¬ 
vation  by  Irradiation."  Vol.  1.  International  Atomic  Energy  Agency,  Vienna. 

^Fi  rstenberg-Eden,  R.,  D.  B.  Rowley,  and  E.  Shattuck.  1980.  The  thermal 
inactivation  and  injury  of  Moraxel la-Aci netobacter  cells  in  beef.  Appl. 

Environ.  Microbiol.  39:  159* 

^Teeny,  F.  M.,  and  D.  Miyauchi.  1970.  Irradiation  of  Pacific  Coast  fish  at  sea. 
J.  Milk  Food  Technol .  33:  330. 
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Evaluation  of  combinations  of  pentasodium  tr i po 1 yphospha te  (STPP)  and  sodium  chloride 
To  determine  relative  resistance  of  M-A  to  sodium  chloride  and  STPP,  additions 

to  exceed  the  tolerance  of  M-A  were  made  to  PCA  and  heat  sterilized.  The  first 

medium  was  poured  in  a  square  petri  dish  to  obtain  a  depth  of  approximately  1  mm  on 
one  side  and  b  mm  on  the  other.  The  second  medium  was  added  to  obtain  the  same 
depth  but  in  an  opposite  gradient  direction.  Finally,  a  gradient  of  PCA  was  poured 
at  right  angles  to  the  previous  gradients.  The  test  culture  was  then  surface  in¬ 
oculated  and  incubated  for  observation  of  visible  growth. 

Effect  of  sub-atmospheric  pressure  on  the  fate  of  M-A 

A  model  system  was  used  to  maximize  culture  medium  surface  area  yet  allow 
available  water  for  M-A  growth.  A  culture  to  be  observed  therefore  was  inoculated 
into  tubes  of  PCB  from  which  0.1  ml  was  transferred  to  a  15  by  125  mm  sterile  test 
tube  which  was  then  sealed  in  a  flexible  pouch  in  a  vacuum  of  by  14,  or  68  mm  of 

mercury.  A  control  sample  inoculated  in  a  similar  manner  and  sealed  in  a  flexible 

pouch  at  atmospheric  pressure  was  included. 

Genera  1 

The  results  of  each  experiment  were  based  on  exploratory  trials  plus  a  mini¬ 
mum  of  two  complete  independent  trials.  Sufficient  trials  with  M-A  Isolate  b  and 
M-A  Isolate  7  were  made  to  assure  the  commonality  of  their  behavior. 

RESULTS 

Comparative  radiation  resistance  of  M-A  and  M.  radiodurans 

17l8 

The  extremely  high  radiation  resistance  of  certain  M-A  *  indicated  them 
to  be  far  more  resistant  than  the  most  radiation-resistant  strains  of  Clostridium 
botul i num.  Likewise,  the  M-A  were  more  resistant  than  Mi crococcus  rad iodurans 

^Welch,  A.  B.,  and  R,  B.  Maxcy.  1975*  Characterization  of  radiation-resistant 
vegetative  bacteria  in  beef.  Appl.  Microbiol.  30:  2A2. 

1 8 

Maxcy,  R.  B.,  and  D.  B.  Rowley.  1978.  Radiation-resistant  vegetative  bacteria 
in  a  proposed  system  of  radappertization  of  meats,  pp.  347“ 3 59 .  In  11  Food  Preser¬ 
vation  by  Irradiation."  Vol .  1.  International  Atomic  Energy  Agency,  Vienna. 
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according  to  results  in  the  literature  .  Direct  comparisons  of  radiation  resist¬ 
ance  of  M.  radiodurans  and  M-A  under  identical  conditions,  however,  had  not  been 
made. 

Comparative  radiation  resistance  of  M-A  Isolate  A,  M-A  Isolate  7,  and  M_. 
radiodurans  in  ground  beef  at  -30°C  was  determined.  The  results  from  an  average 
of  three  trials  are  shown  in  Figure  1,  where  it  is  apparent  that  ML  rad  iodurans 
is  more  resistant  than  the  M-A  under  these  conditions.  The  major  differences 
between  these  results  and  those  reported  by  Duggan  et  al.  ( 1963b) ^  may  have 
been  attributable  to  menstruum  and  irradiation  temperature.  The  effect  of 
these  factors  is  shown  in  Figure  2.  Freezing  provided  a  much  greater  protec- 
tive  effect  than  indicated  by  Duggan  et  al  .  (1963b)  .  Temperature,  menstruum 


Figure  1.  Comparative  radiation  resistance  of 
M.  rad iodurans,  M-A  Isolate  4,  and  M-A  Isolate  7 
in  beef  at  -30  ±  10°C.  Symbols:  a  ,  radiodurans 
B  >  M-A  Isolate  1\  9  ,  M-A  Isolate  4, 


Figure  2,  Comparative  radiation  resist¬ 
ance  of  M.  rad  I odurans  In  beef,  Symbols: 
o,  -30+  1 0°C;  •  ,  30  +  10°C.  Broken  line 
Is  replotted  for  M.,  radiodurans  in  beef 
puree  at  5°C  (Fig,  1,  Ouggan  et  a!.,  1963a). 


19 

Duggan,  D.  E.,  A.  W.  Anderson,  and  P.  R.  Elliker.  1963b.  Inactivation  of  the 
radiation-resistant  spoilage  bacterium  Micrococcus  radiodurans.  II.  Radiation 
inactivation  rates  as  influenced  by  menstruum  temperature,  preirradiation  heat 
treatment,  and  certain  reducing  agents.  Appl.  Microbiol.  11:  413. 
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and  its  physical  state  are  important  factors  in  determining  radiation  resist¬ 
ance  of  bacteria  as  will  be  emphasized  later. 

Ava liable  water  as  a  factor  in  radiation  resistance  of  M-A 

The  radiation  resistance  of  M-A  lyophilized  in  PCB  compared  to  radiation 
resistance  in  liquid  and  frozen  medium  is  shown  in  Figure  3*  The  difference 
in  radiation  resistance  of  cultures  in  a  frozen  and  an  unfrozen  state  is  much 
less  in  lyophilized  PCB  than  in  unlyophi 1 i zed  PCB. 

The  effect  of  lyophi 1 iza t ion  (Vitris  Model  No.  10/145  MRBA)  with  a  prior 
heat  treatment  to  destroy  approximately  90%  of  the  vegetative  cells  is  shown  in 
Figure  4.  M-A,  as  well  as  M_.  radiodurans,  were  far  more  resistant  than  spores 
of  B_.  cereus  in  the  lyophilized  state.  Preheating  prior  to  lyophi 1 i zatton  in¬ 
creased  the  destructive  effect  of  radiation  of  M-A  and  rad iodurans .  Heating 
of  _B.  cereus  spores  for  15  min  at  90°C  prior  to  lyophi  1  i  zation  had  little,  if 
any,  effect  on  their  sensitivity  to  radiation. 


M  RAD 

Figure  3*  Comparative  radiation  resistance  of 
fl-A  Isolate  ^  in  PCB  and  lyophilized  in  PCS  before 
irradiation.  Symbols:  O  in  PCB  at  ambient  tem¬ 
perature;  •  In  PCB  at  -306C;  *  lyophilized  fn  PCB 
at  ambient  temperature;  a  lyophilized  in  PCB  at 
-306C. 


Figure  k.  Comparative  effect  of  radiation  on  lyophilized 
cultures  that  had  been  heat  treated.  Closed  symbols  repre¬ 
sent  cultures  that  were  preheated  prior  to  1 yoph M 1 za t Son, 
The  heat  treatments  were:  M-A  Isolate  4,  10  min  at  7 2 * C ; 

H-A  Isolate  7,  5  m I n  at  72*C;  K.  radiodurans,  3  min  at  60*C; 
and  JL  cereus  spores,  15  min  at  90°C. 
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The  data  in  Figure  5  show  that  water  absorbed  by  the  menstruum  in  1  hr  of 
exposure  after  lyophi 1 i zation  markedly  reduced  the  resistance  of  M-A  Isolate  b 
to  radiation. 

Sens i tivi ty  of  M-A  to  sa 1 ts 

..  .j  20,21 

The  sensitivity  of  highly  radiation  resistant  M-A  to  sodium  chloride 

7  7  4 

and  lowered  water  activity  is  a  factor  of  potential  importance  in  radapperti- 
zation  preservation  of  meats.  Phosphates  may  also  be  a  factor  as  the  data  in 
Figure  6  indicate  that  pentasodium  tr i polyphosphate  (STPP)  of  0.3%  or  more  auto- 


Figure  5.  Radiation  Inactivation  curves  of  M-A 
Isolate  4  lyophi  1  i  zed  In  PCS  and  subsequently  exposed 
to  a  moist  atmosphere  for  I  hr  at  25°C  (o,®)  and  M-A 
Isolate  4  which  was  lyophi  1 1  zed  in  PCS  but  kept  dry 
(a,a).  Closed  symbols  Indicate  recovery  on  PCA. 

Open  symbols  Indicate  recovery  on  PCA  with  0.5%  NaCl. 
Irradiation  was  at  ambient  temperature. 


Figure  The  effect  of  various  concentrations 
of  salts  in  PCA  for  enumeration  of  M-A  Isolate  7 
after  incubation  in  PCB  at  32°C  for  24  hr  on  a 
shaker  incubator.  Symbols:  *  ,  NaCl  and  STPP  in 
equal  concent ra t ions;  ■  ,  STPP;  e  ,  NaCl. 


2°Maxcy,  R.  B.,  and  D.  B.  Rowley.  1978.  Radiation-resistant  vegetative  bacteria 
in  a  proposed  system  of  radappertizat ion  of  meats,  pp.  3^7_359*  J_H  Food  Preser 
vation  by  Irradiation."  Vol.  1.  International  Atomic  Energy  Agency,  Vienna. 

21Fi rstenberg-Eden,  R.,  D.  B.  Rowley,  and  E.  Shattuck.  ]980.  The  thermal 
inactivation  and  injury  of  Moraxel la-Aci netobacter  cells  in  beef.  Appl. 

Environ.  Microbiol.  39:  159. 

22Snyder,  L.  D.,  and  R.  B.  Maxcy.  1979-  Effect  of  aw  of  meat  products  on  growth 
of  rad i at  ion- res i stant  Moraxel la-Aci netobacter .  J.  Food  Sci.  bb:  33* 
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claved  in  PCA  suppresses  growth  of  M-A  Isolate  7-  Figure  6  also  shows  that  0.3^ 
STPP  plus  0.3%  NaC  1  was  more  inhibitory  than  either  alone  at  the  0.3%  level. 

With  STPP  in  PCB  the  fate  of  M-A  Isolate  7  over  a  seven-day  period  at  32°C 
is  shown  in  Figure  7.  A  concentration  of  approximately  0.3%  STPP  autoclaved  in 
PCB  appeared  to  be  the  approximate  growth- 1 imi t i ng  level  for  M-A  Isolate  7* 

The  effect  of  combinations  of  sodium  chloride  and  STPP  is  shown  in  Figure  8. 
Inclusion  of  sodium  chloride  reduced  the  level  of  STPP  that  M-A  Isolate  7  could 
tolerate  (compare  Figure  7  end  Figure  8),  The  approximate  maximum  concentration 
of  STPP  that  M-A  Isolate  7  could  tolerate  appeared  to  be  0.3%  in  liquid  media 
but  somewhat  more  on  solid  media.  The  extreme  sensitivity  of  the  cultures  could 
not  be  attributed  to  changes  in  pH,  because  the  addition  of  phosphates  altered 
the  pH  of  the  medium  less  than  0.2  unit  from  neutrality  and  the  highly  radiation 
resistant  M-A  grew  over  a  pH  range  of  5.5  to  8.5.  The  reason  for  the  greater 
sensitivity  of  M-A  to  STPP  in  PCB  than  in  PCA  is  not  apparent. 


Figure  7.  Effect  of  various  concentrations  of  STPP  In  PC8  on  the 
growth  rate  of  Isolate  7  at  32*C.  Symbols!  *  ,  01  STPP;  a  ,  0.21  STPP; 
e  ,  0.25%  STPP;  o  ,  0.3$  STPP. 


Figure  8.  The  combined  effect  of  HaCl  and  STPP  in  PCB  on  the  rate 
of  growth  of  Isolate  7  at  32*C.  Symbols:  a  i  PCB;  »  ,  0.2%  HaCl  + 
0.22  STPP,  •  ,  0.22  HaCl  +  0.252  STPP;  o  ,  0.2$  NaCl  +  0.3$  STPP. 
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By  the  use  of  a  gradient  plate  technique  it  was  possible  to  check  for 
synergistic  or  antagonistic  effects  of  combinations  of  STPP  and  sodium  chloride. 
The  limits  of  growth  as  judged  by  the  slow  appearance  of  small  colonies  was 
parallel  to  the  gradient  of  solutes,  therefore  indicating  the  effect  of  the 
salts  to  be  simply  additive. 

The  above  experiments  utilized  media  with  STPP  added  prior  to  heat  sterili¬ 
zation.  Heating  may  alter  the  form  and  thereby  the  effectiveness  of  some  forms 
of  phosphates.  Comparisons  therefore  were  made  with  filter  sterilized  and  heat 
treated  phosphates  added  to  PCB.  Tolerance  was  determined  by  visual  observation 
for  turbidity  within  12  hr  at  32°C  on  a  shaker  incubator.  Positive  tubes  were 
streaked  to  check  for  contamination.  The  heat  treatment  of  autoclaving  or  the 
lower  heat  treatment,  which  was  comparable  to  the  heat  treatment  in  radappert i za- 
tion  preservation,  reduced  the  inhibitory  effectiveness  of  STPP  and  disodium 
pyrophosphate  but  only  autoclaving  reduced  the  effectiveness  of  tetrasodium 
pyrophosphate  (Table  l). 


Table  1.  Tolerance  levels  of  M-A  Isolate  7  in  the  presence  of  three  different 
sodium  phosphates  in  PCB  prepared  in  various  ways. 


Phosphates 

Treatment 

Pentasod i urn 
tripolyphosphate 
{STPP) 

Tetrasodium 

pyrophosphate 

Di sod i urn 
pyrophosphate 

Fi 1  ter  ster i 1 1 zat ion 

0.1% 

0.  n 

o.n 

Autoclaving 

0. 2-0.3% 

0.2-0. 3% 

above  0.5% 

Heating  at  70°C  for 

9  hours  after 
f  i  Iterlng* 

0. 2-0.3% 

o.n 

0.2 % 

& 

Treatment  to  simulate  heating  in  radappert i zat ion  preservation  of  meat. 

It  should  be  noted  that  the  previously  reported  results  involved  heat  steri¬ 
lization  of  STPP  in  the  media.  Therefore,  if  less  severe  heat  treatments  with 
STPP  in  the  media  were  used,  the  results  would  be  expected  to  show  M-A  to  be 
less  tolerant  of  STPP. 
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Effect  of  sub-atmospheric  pressure  on  the  fate  of  M-A 


Cultures  of  M-A  were  grown  to  near  maximum  population  density,  heat  shocked 
.to  destroy  approximately  9 0 %  of  the  cells,  and  divided  into  aliquots  of  5  ml  per 
tube.  The  tubes  were  centrifuged  to  pellet  the  cells,  which  were  then  washed 
with  5  ml  of  fresh  PCB  before  recentrifuging  and  decanting.  Control  tubes  with 
pellet  were  maintained  at  atmospheric  pressure.  Other  tubes  were  evacuated  to 
68,  14,  and  k  mm  of  mercury,  sealed  in  air  impervious  flexible  pouches,  and 
incubated  for  6  or  2k  hr  at  32°C.  None  of  the  samples  showed  a  change  in 
population  density  as  measured  by  counts  with  PCA,  and  there  was  only  slight 
recovery  from  injury  as  measured  by  counts  with  PCA  plus  sodium  chloride. 

Effect  of  freezing  and  thawing  on  M-A 

Heat  shocked  cultures  were  divided  into  two  groups.  One  group  was  frozen 
immediately  after  heat  shock  and  the  other  was  incubated  k  hr  at  32°C  before 
freezing.  The  results  showed  that  more  than  one  log  cycle  of  colony  forming 
units  as  determined  on  PCA  was  destroyed  by  freezing  and  thawing  (Figure  9). 


Fiqure  9.  The  effect  of  freezing  and  thawing  on  heat  shocked  M-A  immediate!, 
and  after  k  hr  at  32°C.  A,  immediately  after  heat  shock;  15,  after  h  hr  at  32°C; 
C,  frozen  i  unit'd  i  ate  I  y  after  heat  shock;  0,  frozen  after  hr  at  j?"f . 
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A  slightly  greater  proportion  of  the  cells  surviving  freezing  and  thawing  were 
injured  as  determined  on  PCA  plus  sodium  chloride*  Furthermore,  cells  given 
4  hr  to  recover  from  heat  shock  were  less  susceptible  to  injury  from  freezing 
and  thawing.  Thus,  freezing  and  thawing  are  of  considerable  significance  in 
radappert izat ion  preservation  of  meats. 


Destruction  of  heat  shocked  M-A  during  freezing  and  thawing  and  during  i r rad i a  t ion 


that  the  destructive  effects  of  heat  and  transfer  to  a  fresh  medium  per¬ 
sisted  through  incubation  for  3  hr.  These  cells  were  sensitive  to  subsequent 
freezing  and  thawing  and  to  radiation.  It  should  be  pointed  out  that  a  control 
of  unheated  cells  would  have  shown  insignificant  destruction  during  the  above 
treatments,  as  unheated  cells  are  insensitive  to  these  treatments. 

The  quantity  of  injured  cells  was  greater  when  expressed  as  inability  to 
initiate  growth  on  PCA  with  0.8%  NaCl  than  on  PCA  with  0.5%  NaC 1 .  This  differ¬ 
ence  persisted  throughout  subsequent  treatments  to  simulate  elements  of  the 
radapper t i zat i on  process  such  as  quiescent  incubation  after  heating,  freezing 
and  thawing,  and  irradiation  at  three  dose  levels. 

When  similar  experiments  were  performed  only  extending  the  recovery  period 
to  2k  hr  quiescent  incubation  at  32°C,  injury  and  radiation  resistance  were  at 
the  level  expected  for  unheated  M-A  cells  (Figure  ll).  Most  of  the  injured 


Figure  11,  Response  of  M-A  cells  to  heat  shock,  incubation  for 
2k  hr  at  32°C,  freezing  and  thawing,  and  irradiation  at  approximately 
-30°C .  A  is  pre-shock,  B  is  post-shock,  C  is  after  dilution,  D  is 
2k  hr  incubation,  E  is  after  freezing  and  thawing,  F  is  1  Mrad,  G  is 
2  Mrad,  H  is  3  Mrad,  I  is  Mrad,  and  J  is  5  Mrad. 
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cells  recovered  during  the  24, hr  incubation  and  regained  ability  to  grow  on  PCA 
with  added  salt.  There  was  also  recovered  resistance  to  radiation,  and  the  cul¬ 
ture  regained  a  shoulder  for  the  death  curve. 

DISCUSSION  AND  CONCLUSIONS 

The  highly  rad  I  at  ion- res istant  H-A  may  be  a  problem  in  radappert i zat ion 
of  meat,  if  radiation  resistance  alone  under  certain  conditions  is  considered. 
However,  there  are  many  bactericidal  factors  involved  in  the  overall  process 
of  radappert izat ion  preservation.  M-A  are  quite  susceptible  to  injury,  destruc¬ 
tion,  and  suppression  by  factors  other  than  radiation  per  se.  Thus,  the  overall 
process  must  be  considered  for  proper  evaluation. 

In  the  radappertization  process,  prior  to  freezing  and  irradiation,  meat 

23 

is  heated  to  an  internal  temperature  of  not  less  than  73_77°C.  The  process 

of  heating  and  holding  hot  may  involve  up  to  9  hr.  Even  a  heat  treatment  of 

24 

1  hr  at  70°C  destroys  about  8  log  cycles  of  the  radiation-resistant  M-A. 

25 

Many  survivors  are  injured  and  far  more  susceptible  to  radiation  destruction. 

The  repair  process  is  slow  as  there  was  no  apparent  repair  in  3  hr  at  32°C  after 

heat  injury  (Figure  10).  The  injured  cells  also  would  be  less  tolerant  of  sub- 

26 

sequent  adverse  conditions  such  as  solutes  in  the  menstruum. 

23 

Anellis,  A.,  D.  B.  Rowley,  and  E.  W.  Ross,  Jr.  1979-  Microbiological  safety 
of  radappert i zed  beef.  J.  Food  Prot.  42:  927. 

24 

Firstenberg-Eden,  R.,  D.  B.  Rowley,  and  E.  Shattuck.  1980.  The  thermal 
inactivation  and  injury  of  Moraxel la-Acj netobacter  cells  in  beef.  Appl . 

Environ.  Microbiol.  39:  159. 

25 

Maxcy,  R.  B.,  and  D.  B.  Rowley.  1978.  Radiation-resistant  vegetative  bacteria 
in  a  proposed  system  of  radappertization  of  meats,  pp.  347"359-  In  “Food  Preser¬ 
vation  by  Irradiation."  Vol.  I.  International  Atomic  Energy  Agency,  Vienna. 

26 

Bruns,  M.  A.,  and  R.  B.  Maxcy.  1978.  Effect  of  selected  solutes  on  growth  and 
recovery  of  a  radiation-resistant  Moraxel la  sp.  J.  Food  Sci.  43:  1 386 . 


17 


Freezing  and  thawing  destroy  some  M-A  and  injure  others  (Figure  9),  there¬ 
fore  these  phenomena  also  must  be  considered  in  evaluating  radappert i za tion 
preservation  of  meats. 

When  considering  the  resistance  to  radiation  of  M-A  as  well  as  M_.  radiodurans  , 

the  environment  can  be  extremely  important.  For  example,  taking  the  data  of 

27  28 

Duggan  et  al.  (1963a;  1963b)  on  the  effect  of  freezing  on  radiation  resist- 

29 

ance  of  M.  radiodurans ,  the  data  of  Welch  and  Maxcy  (1975),  and  the  data  of 
Maxcy  and  Rowley  (1978),  one  would  conclude  M-A  to  be  more  radiation  resistant 
than  ,M.  rad  ijDdurans .  When  these  bacteria  are  observed  under  the  same  conditions, 
however,  .M.  radiodurans  may  be  more  radiation  resistant  (Figure  l)  or  less  radia¬ 
tion  resistant  (Figure  4)  than  M-A.  Such  an  environmental  change  as  drying 
doesn't  increase  the  radiation  resistance  of  J3.  cereus  spores  to  the  level  of 
radiation  resistance  expected  for  M-A  at  ambient  temperature  (Figures  2,  3  and 
4),  Thus,  radiation  resistance  is  a  complex  phenomenon  and  cannot  be  predicted 
from  one  condition  to  another. 

The  highly  radiation-resistant  M-A  require  a  very  high  aw  as  shown  by  their 
inability  to  grow  in  fresh  meat  or  a  laboratory  medium  with  the  equivalent  aw  of 

^Duggan,  D.  E.,  A.  W.  Anderson,  and  P.  R.  Elliker*  1963a*  Inactivation  of  the 
radiation-resistant  spoilage  bacterium  M ? crococcus  rad i odurans .  I.  Radiation 
inactivation  rates  in  three  meat  substrates  and  in  buffer.  Appl.  Microbiol. 

11:  398. 

r\  Q 

°Duggan,  D.  E.,  A.  W.  Anderson,  and  P.  R.  Elliker.  1963b.  Inactivation  of  the 
rad ia t ion- res i s tant  spoilage  bacterium  Micrococcus  radiodurans.  II.  Radiation 
inactivation  rates  as  influenced  by  menstruum  temperature,  preirradiation  heat 
treatment,  and  certain  reducing  agents.  Appl.  Microbiol.  11:  413. 

29 

Welch,  A.  EL,  and  R.  B.  Maxcy.  1975.  Characteri  zation  of  radiation-resistant 
vegetative  bacteria  in  beef.  Appl.  Microbiol.  30:  242. 

^Maxcy,  R.  B. ,  and  D.  B.  Rowley.  1978.  Radiation-resistant  vegetative  bacteria 
in  a  proposed  system  of  radappert i zation  of  meats,  pp.  347-359-  Jjl  "Food  Preser¬ 
vation  by  Irradiation."  Vol  .  I.  International  Atomic  Energy  Agency,  Vienna. 
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meat.  Meat  in  the  radappert i za t ion  preservation  process  would  be  more  unfavor- 

able  than  fresh  meat  for  M-A,  because  approximately  0.75%  NaCl  and  0.38%  STPP 

32 

are  added  to  meat  for  radappertization.  These  solutes,  as  shown  in  this  work, 
are  additive  in  suppressing  growth  of  M-A,  though  on  a  weight  basis  STPP  is  more 
than  twice  as  effective  as  sodium  chloride.  Furthermore,  the  results  of  this 
work  were  primarily  based  on  autoclave  sterilization  of  STPP  in  the  medium 
being  used,  while  less  severe  heat  treatments  would  increase  the  inhibitory 
effectiveness  of  STPP.  It  is  highly  improbable  that  a  localized  water  activity 
high  enough  for  these  bacteria  to  grow  would  occur  in  radappert ized  meat,  since 
the  phosphate  is  added  to  prevent  surface  accumulation  of  moisture. 

The  numerous  recognized  factors  of  microbial  injury,,  destruction,  and 
suppression  in  radappertization  preservation  of  meat  combine  to  assure  the 
absence  of  detectable  M-A  in  meat  so  preserved. 

31 

Snyder,  L.  D.,  and  R.  B.  Maxcy.  1979.  Effect  of  aw  of  meat  products  on  growth 
of  radiation-resistant  Moraxel  la-Aci  netobacter .  J.  Food  Sci  .  33- 

32 

Anellis,  A.,  D.  B.  Rowley,  and  E.  W.  Ross,  Jr.  1979-  Microbiological  safety 
of  radappert i zed  beef.  J.  Food  Prot.  k2:  927. 
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